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Abstract

AIM. Enterococcus faecalis is a gram-positive facultative anaerobe commonly known as the primary patho-
gen implicated in persistent and secondary endodontic infections, due to its exceptional capacity to invade
dentinal tubules, form resistant biofilms and survive in nutritionally adverse alkaline environments. Although
effective, conventional chemical irrigants like sodium hypochlorite and chlorhexidine have been found to cause
cytotoxicity and other unwanted effects. Sea buckthorn (Hippophae rhamnoides L.) is a medicinal plant that
has shown promise as a natural antimicrobial agent due to its richness in flavonoids, polyphenols, carotenoids
and unsaturated fatty acids. The purpose of this review is to summarize and examine existing evidence on the
antimicrobial efficacy, mechanisms of action, and clinical potential of sea buckthorn against E. faecalis in the
context of root canal infections.

MATERIALS AND METHODS. The literature review was conducted thoroughly by using the PubMed, Embase
and Cochrane Library databases. The review incorporated studies in English that involved phytochemical,
microbiological, in vitro, and in vivo studies that were relevant to the study involving the use of sea buckthorn-
derived agents when conducting dentistry and endodontics research.

RESULTS. Extracts of sea buckthorn exhibit broad-spectrum antimicrobial activity that can be ascribed to
bioactive compounds, such as quercetin, kaempferol, isorhamnetin, palmitoleic acid and ascorbic acid.
Disruption of bacterial cell membranes, inhibition of biofilm formation, suppression of acid production, and
modulation of host inflammatory responses are all reported antibacterial mechanisms. Aqueous and hy-
droalcoholic leaf extracts have demonstrated growth-inhibitory action against E. faecalis, whilst, pulp oil-
based preparations have demonstrated anti-biofilm activity against a variety of oral pathogens. Comparative
studies indicate similar, and in certain cases better, efficacy compared with chlorhexidine, and much better
biocompatibility.

CONCLUSIONS. Sea buckthorn is a biocompatible, multifunctional adjunct that can be used as an endodon-
tic irrigant or intracanal medicament. Nonetheless, before it can be adopted into routine clinical practice,
standardization of extraction techniques, optimal concentrations, and optimally designed randomized clini-
cal trials are required.
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Pesiome

LIENIb. Enterococcus faecalis — rpamnonoxutensHas dakynsTaTMBHO-aHa3pobHasa 6akTepus, LMPOKO npu-
3HaHHas OCHOBHbIM BO36yauTENEM NEPCUCTUPYIOLLIMX U BTOPUYHBIX 3HAOA0HTUYECKUX MHDEKUMIA Bnaroaa-
psi CBOEWN UCKOYMTENbHOM CNOCOBHOCTU NPOHUKATb B AEHTUHHbIE KaHasblbl, GOPMMPOBATL YCTONYNBLIE
OMONMIEHKN 1 BbXMBaTb B HEBGIAronpuUATHbLIX LLENOYHbIX YCOBUSAX C OrPaHUYE€HHbIM KOMYeCTBOM MuTa-
TeJIbHbIX BELWECTB. HECMOTPS Ha BbICOKYIO 3DPEKTUBHOCTb TPAAULMOHHBIX XUMUYECKUX MPPUIraHTOB, TakmUX
KaK rurnoxnopuT HaTPUS U XJI0PrekCuamnH, X NPUMEHeHNe CBA3aHO0 C LMTOTOKCUYHOCTLIO N PALAOM Hexena-
TenbHbIX N0604HbIX 9ddekToB. Obnenmxa (Hippophae rhamnoides L.) npeactaBnsaet coboit nekapCTBEHHOE
pacTteHue, obnapatoLuiee 3HaUNTENbHBIM MOTEHLMAIOM B Ka4€CTBE NPUPOAHOro aHTUMUKPOOHOIro CpeacTea
Gnaropaps BbICOKOMY cofepXaHunio GnaBoHOUAOB, NOINGPEHONOB, KAPOTUHOMAO0B U HEHACHILLEHHbIX XMpP-
HbIX KMCNoOT. Llenbio paHHoro o63opa sBnsieTcs 0606LLeHE N aHANN3 CYLLECTBYIOLLNX AaHHbIX 06 aHTUMK-
KpobHoW apdpekTuBHOCTM 06nenmxu npoTus E. faecalis, MexaHnamax ee neiicTBUS U KIIMHNYECKOM MOTEHLM-
ane B fIe4eHUN NHPEKLMIN KOPHEBbLIX KAHAN0B.

MATEPUAJIbl U METOZbI. NMounck nutepaTypbl 611 NpoBeaeH B 6a3zax aaHHbix PubMed, Embase n Cochrane
Library. B 0630p 6b1/11 BK/IIOYEHbI @aHMN0SA3bI4HbIE NYBANKaLNK, NOCBALLEHHbIE PUTOXMMUYECKUM, MUKPOBWO-
JIOFMYECKMM, in Vitro 1 in vivo nccnenoBaHmsaMm, CBA3aHHbIM C MPUMEHEHMEM NPON3BOAHBIX 061eNnXm B CTO-
MaToIorMm N 3HOOA0HTUN.

PE3YJIbTATbI. OkcTpakTbl 06NENUXN AEMOHCTPUPYIOT LUMPOKUIA CNEKTP aHTUMUKPOOHOI akTUBHOCTU, 0BY-
CNOBJIEHHOW NPUCYTCTBUEM BMONOrMYECKM aKTUBHBLIX COEANHEHWNI, TakMX Kak KBEPLLETUH, kemndepon, n3o-
paMHETUH, NasbMUTONIEMHOBAsA KNCOTa U ackopbuHoeas kucnota. K OCHOBHbIM MexaHu3Mam aHTubakTe-
puanbHOro AENCTBMS OTHOCATCS HapyLUeHne LLeIOCTHOCTU KJIETOYHbIX MeMbpaH 6akTepuii, UHFrMbupoBaHue
dopmMmpoBaHma 6GUonNneHokK, NoaaBneHne NPoAYKLMM KUCIOT 1 MOAYNSLMSA BOCNAaANTENbHOro oTeeTa opra-
HMU3Ma x03snHa. BogHble N BOAHO-CNUPTOBbLIE SKCTPAKThl IMCTbEB 0BEMMXN NMPOAEMOHCTPUPOBANN CMO-
COOHOCTb NOAABNATb PoCT E. faecalis, Torpga kak npenapatbl HA OCHOBE Macsa MAKOTW NJ040B NPOSBASIN
BblPaXXEHHY0 aHTUONONNEHOYHYIO aKTUBHOCTb B OTHOLLEHUW PA3/IMYHBIX OPasibHbIX NATOreHoB. CpaBHUTENb-
Hble UCCNeJ0BaHMS CBMOETENLCTBYIOT O CONOCTABMMOM, a B psife cinyyaeB n 605ee BbICOKOU 3P PEKTUBHO-
CTV N0 CPABHEHUIO C XJIOPreKCUAVHOM, MPU 3HAYUTENBLHO Nyyllelt GOCOBMECTUMOCTN.

BbIBOObl. O6nenuxa sBnsetca 6GUOCOBMECTUMbIM MHOTMO(YHKLIMOHAJIbHBIM CPEACTBOM, KOTOPOE MOXET
paccMaTpuBaTbCs B Ka4€CTBE AOMOSHUTENBHOrO 3HAOLOHTUYECKOTO MPPUraHTa UM BHYTPUKAHASIBHOIO
niekapcTBeHHOro npenaparta. OgHako ons ee BHEAPEHUS B MOBCEAHEBHYIO KJIMHUYECKYIO NPaKTUKY HEOBX0-
OMMbl CTaHOapTu3auns MeToAoB 3KCTPakumn, onpeneneHme onTuMalbHbIX KOHUEHTPauuii 1 nposeaeHne
Ka4eCTBEHHO CMNJIaHMPOBaAHHbLIX PAHOOMU3VNPOBAHHbLIX KIIMHUYECKUX UCCed0BaHNN.

KnwoueBblie cnoBa: obnenuxa, Hippophae rhamnoides, Enterococcus faecalis, aHooaoHTU4Yeckoe neve-
HUe, nppuraymsa KOpHeBbIX KaHanoB, ¢dutonpenapaTtbl C aHTUMUKPOOHBLIM OencTBuemM, bakTepuanbHble
OuonneHku

UHdopmauuna o ctaTbe: noctynuna — 22.09.2025; ncnpaeneHa — 05.11.2025; npunarta — 28.11.2025
KoH)AUKT nHTepecoB: ABTOPbI cO0OLLLA0T 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.
BnarogapHocTu: PrHaHCKMPOBaHME N MHOVBUAYaAbHbIE 61aroAapHOCTU 418 AeKTapupoBaHMs OTCYTCTBYIOT.

Ana yutuposanua: batna C., Cunrx C.IN., Oac [., BaHuk A., XaH H., lyapu C., Kymap L., KaweaHu P. O6-
nenuxa B 9HAOAOHTUM: CUCTEMATUYECKNIA 0630p aHTUMUKPOBHO akTUBHOCTU B OTHOLLEHUN Enterococcus
faecalis Nnpy MHpEKLUAX CUCTEMBI KOPHEBbLIX KaHanoB 3y60B. SHaogoHTus Today. 2026;24(3):464-473.
https://doi.org/10.36377/ET-0210
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INTRODUCTION

The objective of endodontic treatment is to remove
microbial infection of the root canal system, and to pre-
vent reinfection, thus preserving the natural dentition.
The survival of microorganisms in the complex anato-
my of root canals has been the main cause of failure in
endodontic treatments [1]. Enterococcus faecalis has
become the most commonly recovered and most clini-
cally useful pathogen [2]. This gram-positive, faculta-
tive anaerobe contributes to the majority of persistent
endodontic infections and has an unusual capacity to
survive in the nutritionally depleted, alkaline environ-
ment of obturated root canals [3].

E. faecalis has various virulence factors that con-
tribute to its virulence and persistence, such as biofilm
formation, the ability to invade dentinal tubules, surface
adhesins expression, gelatinase production, and he-
molysin production, and resistance to multiple intraca-
nal medicaments [4]. Research has shown that about
60-70% of clinical E. faecalis isolates have the capacity
to form biofilms and that biofilm structure can lower ef-
fective concentration of the antimicrobial agents by or-
ders of magnitude [5]. Its occurrence in failed root ca-
nal cases varies between 24 and 77% across different
methods of detection and some molecular studies have
also reported prevalence as high as 97.5% in refractory
cases [6].

Traditionally, the root canal system is disinfected
with sodium hypochlorite (NaOCI), ethylenediaminetet-
raacetic acid (EDTA), and chlorhexidine (CHX). Despite
having a potent antimicrobial activity, these agents are
associated with several limitations, such as cytotoxi-
city to periapical tissues, allergic reactions, undesirable
taste, discoloration of dentin, and failure to completely
eliminate biofilms within dentinal tubules [7-9]. Moreo-
ver, the unintentional leakage of NaOCl outside the apex
may cause severe tissue damage. It is these limitations
that have led to the pursuit of safer, biocompatible and
equally effective alternatives, especially in the form of
herbal or phytotherapeutic agents [10].

Sea buckthorn (Hippophae rhamnoides L.), a tem-
perate shrub, is an evergreen, decadent, and widely
spread shrub in the temperate regions of Asia and Eu-
rope, in addition to its long-standing use in traditional
Tibetan, Mongolian, and Chinese medicine. The plant
is remarkably rich in bioactive compounds (including
flavonoids (quercetin, kaempferol, isorhamnetin), phe-
nolic acids, carotenoids, vitamins (notably C, E, and K),
unsaturated fatty acids (such as palmitoleic, oleic, and
linoleic acids), and phytosterols [11; 12]. These consti-
tuents have a collective impact of providing antioxidant,
anti-inflammatory, immunomodulatory, wound-healing,
and broad-spectrum antimicrobial effects [13].

Recent studies have started to examine the poten-
tial of sea buckthorn-based preparations in dentistry,
including their use in mouthwashes to promote perio-
dontal health, in topical preparations to promote oral
wound healing, and as adjunctive to the management
of gingivitis and periodontitis [14; 15]. Nevertheless, the
interest of sea buckthorn in endodontics, especially its
role in the removal of E. faecalis in root canal infections,
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is a relatively new field of research that has not been
fully synthesized.

The aim of the review is to synthesize the available
evidence on phytochemistry of sea buckthorn, its anti-
microbial actions against endodontic pathogens, com-
parative effective action against E. faecalis, and possi-
ble clinical uses as either root canal irrigant or intraca-
nal medicament. This paper will aim to identify research
gaps and suggest directions of future research that can
potentially translate the therapeutic potential of sea
buckthorn into evidence-based endodontic practice.

MATERIALS AND METHODS

Search Strategy

An extensive literature search was done in electronic
databases such as PubMed, Embase, and Cochrane
Library. The search terms included were variations and
combinations of “sea buckthorn”, “Hippophae rham-
noides”, “Enterococcus faecalis” and “endodontics” and
“root canal irrigant” and “intracanal medicament” and
“phytotherapy” and “herbal antimicrobial” and biofilm
and dental caries. It was restricted to articles in the Eng-
lish language and performed microbial cultures, human
subjects or other suitable in vitro models of the tooth.
The search was carried out until the date of this review.

Study Selection

The first search provided a considerable amount of
articles. The inclusion criteria were studies focusing on
the phytochemical composition, antimicrobial activity,
biofilm-modulating activity, or clinical uses of sea buck-
thorn in dental or other microbiological related situa-
tions; studies that have investigated the pathogenesis,
virulence or management of E. faecalis in endodontic
infections; and studies that have evaluated the herbal
or natural alternatives to conventional endodontic irri-
gants. The titles and abstracts of identified articles were
screened by two independent reviewers, then the full-
text review of the selected studies was undertaken. The
disagreements were solved either by discussion or by
the opinion of a third reviewer.

Data Mining and Analysis

A standardized form was used to extract data of the
selected studies. The extracted information included
the characteristics of the studies, the type of prepara-
tion of sea buckthorn (extract, oil, juice, mouthwash),
the target microbes, the study design (in vitro, in vivo,
clinical), the comparator agents, the primary outcomes
and the reported antimicrobial mechanisms. The hete-
rogeneity of study designs, microbial models, and out-
come measures led to the synthesis of the findings in
a qualitative manner. Special consideration was given
to publications that specifically study activity on E. fae-
calis or other pathogens of the oral cavity that have an
interest in endodontic infections.

Quality Assessment

The quality of the methodology of the chosen stu-
dies was determined to ascertain the reliability and va-
lidity of the research results presented in this review.
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Two authors independently reviewed each of the stu-
dies, and any disagreements were discussed among the
authors. The research was classified as low, moderate or
high quality on the basis of the suitability of the metho-
dology, sample size, controls and reproducibility. The
emphasis in evidence synthesis was placed on high-
quality studies. Following the inclusion and exclusion cri-
teria, 28 articles were taken into consideration regarding
the detailed review and inclusion in the given synthesis.

RESULTS

Endodontic Infection of Enterococcus faecalis

Prevalence and Clinical Importance

The most commonly isolated organism in teeth with
persistent or secondary apical periodontitis is E. faeca-
lis. It is estimated to cause about 24-77 percent of the
isolates in failed endodontic cases, and its prevalence
is much greater in retreatment cases than in primary
infections [1; 4]. About 80-90% of the enterococcal in-
fections in the mouth cavity are caused by E. faecalis,
an organism that exhibits an incredible adaptability and
tolerance to the severity of the environment, such as the
extreme pH ranges and a long period of starvation [3; 5].

Virulence Factors and Resistance Mechanisms

The continued presence of E. faecalis in treated root
canals is explained by the presence of several virulence
factors. These adhesins, such as aggregation substance
and enterococcal surface protein (Esp), mediate attach-
ment to dentin and host tissues. Gelatinase and hemo-
lysins production enables tissue destruction, whereas
the formation of biofilms confer protection against an-
timicrobial agents and host immune responses [4; 6].
Notably, E. faecalis is able to enter dentinal tubules up
to a depth of up to 1000 um, which is inaccessible to the
conventional irrigation protocols. It is also able to survive
in the alkaline environment formed by calcium hydroxide
and has intrinsic resistance to a number of intracanal
medicaments [7].

467

Shortcoming of Traditional Disinfection

NaOCI and CHX may be the gold standards in endo-
dontic disinfection; however, neither of the two agents
can completely eliminate E. faecalis biofilms in dentinal
tubules. It has been demonstrated that NaOCI in con-
centrations less than 3% can even cause extracellular
DNA-dependent biofilm formation, which is paradoxi-
cal [8]. Moreover, both of the agents are linked to cy-
totoxicity, possible allergic response, and the inability
to infiltrate deeper layers of infected dentin. The limita-
tions have led to the development of interest in herbal
and natural alternative that is both antimicrobial and
biocompatible [10].

Sea Buckthorn Phytochemistry

The berries of the sea buckthorn, as well as its
seeds, leaves and bark, contain a complex of bioactive
compounds, which have contributed to its pharmaco-
logical activity. The major classes of constituents and
their reported activities are summarized in Table 1. The
most common type of antimicrobial fraction is the flavo-
noids and phenolic acids, which are mostly abundant in
the leaves [11]. Seed oil is also extremely rich in unsa-
turated fatty acids and tocopherols, as do berries [12].
The pulp oil is special in that it has a high content of pal-
mitoleic acid (omega-7), an unsaturated fatty acid with
reported antimicrobial activity against gram-positive
bacteria [14].

Significantly, antimicrobial potency of sea buckthorn
depends on part of the plant, solvent used in extraction
process, and the cultivar. Comparative phytochemi-
cal analyses reveal that extracts of leaves will typically
contain relatively higher levels of polyphenols and ex-
hibit greater antibacterial activity than extracts of ber-
ries, whereas water and ethyl acetate fractions of seed
and root extracts will demonstrate the strongest activity
in some studies [11; 13]. This compositional heteroge-
neity provides a foundation to customize sea buck-
thorn-based preparations to specific clinical uses, such
as, endodontic disinfection.

Table 1. Major phytochemical classes in Hippophae rhamnoides relevant to antimicrobial activity
Ta6nuua 1. OcHoBHble pUTOXMMUMYECKUNE Knacchl Hippophae rhamnoides, umetoLmne oTHoLEeHne

K aHTUMUKPOBHOI aKTUBHOCTH

Class of compound

Representative constituents and reported bioactivity

Flavonoids
and anti-inflammatory activity

Quercetin, kaempferol, isorhamnetin, and their glycosides; antimicrobial, antioxidant, anti-biofilm,

Phenolic acids
enzymes

Ferulic, caffeic, gallic, and chlorogenic acids; disrupt bacterial cell membranes and inhibit microbial

Carotenoids

B-carotene, lycopene, zeaxanthin, lutein; antioxidant and immunomodulatory activity

Vitamins
and modulate microbial growth

Vitamin C (ascorbic acid), vitamin E (tocopherols), vitamin K; antioxidant, support tissue healing,

Unsaturated fatty acids
anti-inflammatory effects

Palmitoleic acid (omega-7), oleic acid, linoleic acid, a-linolenic acid; membrane-disruptive and

Phytosterols and triterpenoids

B-sitosterol, ursolic and oleanolic acids; antimicrobial and tissue-protective effects

Tannins and proanthocyanidins

Inhibit microbial adhesion, reduce biofilm formation, and provide astringent action
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Table 2. Proposed antimicrobial mechanisms of sea buckthorn relevant to E. faecalis
Ta6nuua 2. MNMpeanoxeHHble aHTUMUKPOOHbIE MexaHU3Mbl 061ennxun, oTHocswmecs K E. faecalis

Mechanism

Description and relevance to E. faecalis

Cell membrane disruption

Flavonoids and unsaturated fatty acids interact with bacterial phospholipid bilayers, increasing
membrane permeability and leading to leakage of cellular contents

Inhibition of biofilm
formation

Polyphenolic compounds interfere with quorum sensing and adhesion molecules, reducing the ability
of E. faecalis to establish protective biofilms within dentinal tubules

Inhibition of microbial

enzymes virulence and tissue invasion

Phenolic acids inhibit bacterial enzymes such as gelatinase and proteases that contribute to E. faecalis

Acid neutralization
and antioxidant action

Vitamin C, carotenoids, and tocopherols neutralize reactive oxygen species, protect host tissues, and
create an environment less favorable for acidogenic survival

Modulation of host

immune response endodontic pathogens

Anti-inflammatory and immunomodulatory compounds enhance local host defenses against persistent

Synergy with conventional | Combination with low-concentration NaOCIl or CHX may produce additive effects, potentially reducing
required doses and associated cytotoxicity

irrigants

Antimicrobial Mechanisms Relevant to E. faecalis

The antimicrobial activity of sea buckthorn against
oral and endodontic pathogens results from multiple,
complementary mechanisms (Table 2). Flavonoids like
quercetin and isorhamnetin interfere with the cytoplas-
mic membranes of bacteria, resulting in the leakage of
the intracellular components and bacterial death. In ad-
dition to bacteriostatic and bactericidal effects, these
compounds also inhibit DNA gyrase and other essential
enzymes [15; 16]. Phenolic acids, especially ferulic and
gallic acids, cause microbial proteins to denature and in-
terfere with the biosynthesis of cell wall, whereas tannins
and proanthocyanidins block the adhesion of microbes
and prevent the initiation of biofilms [17].

The gram-positive bacteria, such as streptococci and
E. faecalis, are directly membrane-disruptive by unsatu-
rated fatty acids in sea buckthorn pulp oil, especially pal-
mitoleic acid [14; 18]. The moderate acidity of the local
pH due to a high concentration of vitamin C may inhibit
acidogenic survival without incurring the irritant effects
of strong synthetic acids. Also, the carotenoids and toco-
pherols neutralize the reactive oxygen species produced
during inflammation and indirectly aid in the recovery of
host tissues within and around the periapical area [19].

In the particular example of E. faecalis, polyphenolic
fractions of sea buckthorn have been reported to inhibit
the development of biofilms by disrupting the expres-
sion of adhesins and the quorum sensing pathways.
This applies especially in endodontics where biofilm-
mediated resistance is a key challenge in successful
therapy [20; 21]. Although still under research, its sy-
nergistic effects with conventional irrigents suggest that
the sea buckthorn extracts could potentially be used
with low-dose NaOCI or CHX to enhance overall efficacy
but decrease chemical cytotoxicity [22].

Evidence on Antimicrobial Efficacy

In Vitro Studies on E. faecalis and Related Organisms

Direct in vitro data to support the activity of sea
buckthorn against E. faecalis is gradually becoming
available. Sea buckthorn leaves have been shown to
have growth-inhibitory properties against the E. faecalis

dHdodoHmus
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organism, as well as other clinically significant orga-
nisms, including Staphylococcus aureus, Bacillus ce-
reus and Pseudomonas aeruginosa [15]. Total phenolic
and flavonoid content had a positive correlation with the
antibacterial activity, which further validates the use of
these compounds as the primary antimicrobial agents.

Extensive phytochemical and microbiological stu-
dies on the sea buckthorn berries, leaves, seeds, and
roots have established that crude ethanolic extracts and
their fraction are active against gram-positive and gram-
negative microorganisms. The water and ethyl acetate
fractions are likely to be more active compared to he-
xane fractions as the polar polyphenolic compounds are
mostly dominant in the bioactive pool [13; 23; 24].

Sea Buckthorm-Based Oral Care Formulations

A groundbreaking study, assessing an oil-based
mouthwash, derived from sea buckthorn pulp with ac-
tive bactericidal and bacteriostatic properties against
Streptococcus gordonii and Porphyromonas gingivalis
respectively, and bactericidal effects with respect to
Actinomyces viscosus [14; 25]. This anti-biofilm po-
tency shown with E. faecalis was not the primary tar-
get organism of that study, but the demonstrated anti-
biofiim potency is directly applicable to endodontic
applications, considering the dominant role of biofilm
in E. faecalis-associated treatment failures.

Studies utilizing berry juice have found that sea
buckthorn juice, at 20% concentration, completely in-
hibits in vitro growth of a variety of oral streptococci,
such as S. mutans, S. sanguinis and S. gordonii, with
the antibacterial effect due at least in part to the low
juice pH (4.15.4) [26]. Even though low pH does not
necessarily imply clinical applicability of unprocessed
sea buckthorn preparations, this observation high-
lights the inherent antimicrobial potential of untreated
sea buckthorn preparations.

Clinical Evidence in Oral Health

Even though there are no clinical trials specifically
assessing the use of sea buckthorn in endodontics,
periodontal applications can provide information. The
use of subgingival delivery of sea buckthorn thixotropic
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solution as an adjunct to scaling and root planing has
been demonstrated to have a positive effect on clinical
parameters and the reduction of levels of Aggregati-
bacter actinomycetemcomitans in patients with chronic
periodontitis [27]. These results indicate the potential of
using sea buckthorn-based delivery system in the con-
fined oral space, which is also a characteristic similar to
the needs of intracanal medicament placement in en-
dodontic treatment.

Comparative Perspective:
Sea Buckthorn Versus Conventional
and Herbal Alternatives

Sea buckthorn extracts have the significant benefit
of biocompatibility as compared to NaOCI and CHX.
Whereas traditional irrigants are cytotoxic to periapi-
cal tissues at clinically achievable concentrations, sea
buckthorn-based products have demonstrated positive
safety profiles when used orally in the mucosal area,
and other wound-healing and anti-inflammatory ef-
fects [12; 14]. Nevertheless, the antimicrobial efficacy
of NaOCI, especially, its tissue-dissolving effect, is, as
of now, stronger than any reported herbal counterpart,
including sea buckthorn.

Sea buckthorn holds a somewhat under-researched
yet potentially promising role when compared to other
herbal endodontic agents like propolis, triphala, neem,
aloe vera and green tea [10; 28]. At the same time as
few other phytotherapeutic agents offer a comparable
combination of polyphenols, omega-7 fatty acids, and
antioxidant vitamins [12]. Such a multifunctional profile
could be especially beneficial in endodontic applica-
tions where antimicrobial action is required in combina-
tion with promoting the healing of periapical tissues.

Potential Clinical Applications in Endodontics

As a Root Canal Irrigant

It may be possible to develop sea buckthorn ex-
tracts into root canal irrigation solutions either as stan-
dalone agents in low-risk situations or as adjuncts to
the more traditional irrigants. The most probable can-
didate formulations are the aqueous or hydroalcoholic
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leaf extracts at standardized phenolic levels, as they
have been demonstrated to be active against E. faeca-
lis and with minimal cytotoxicity [15]. The combination
of protocols involving sea buckthorn extract, followed
with EDTA to cleanse the sample of any bacteria, could
be discussed to preserve the maximum of disinfection,
and the integrity of dentin [22; 29].

As an Intracanal Medicament

Their viscous nature, which makes them suitable
as multi-session endodontic treatment placement as
intracanal medicaments between visits, is due to their
viscous nature. These applications would take advan-
tage of the extended contact duration necessary to
treat E. faecalis biofilms in dentinal tubules. Intracanal
medicaments based on sea buckthorn may have the
potential to work together with calcium hydroxide to
expand its antimicrobial spectrum and to reduce the
known limitations of calcium hydroxide against E. fae-
calis [14; 25].

As an Adjunct in Regenerative Endodontics

In addition to the traditional disinfection, the wound-
healing, antioxidant, and anti-inflammatory effects of
sea buckthorn are a good fit to the objectives of rege-
nerative endodontic therapy. Its components could be
helpful in the maintenance of stem cell viability, local in-
flammation regulation, and pulp tissue regeneration in
carefully controlled doses [12; 30]. This is a promising
but by far untapped direction to future research.

Limitations and Challenges

Although the initial results are promising, some limi-
tations should be taken into consideration. Most of the
available evidence of sea buckthorn are found in non-
endodontic environments and studies that specifically
target E. faecalis in dentinal tubule model are limited.
This has resulted in an inconsistent phytochemical pro-
file due to variability in extraction systems, solvent sys-
tems, parts of the plant, and cultivars, making cross-
study comparisons challenging [11; 13]. Moreover, the-
rapeutic concentrations and standardized formulations
in terms of endodontic use are yet to be established.

Table 3. Selected studies evaluating the antimicrobial activity of sea buckthorn against oral

and related pathogens

Ta6nuua 3. OTaenbHbIE UCCNeA0BaHNSA, OLEHNBAIOLNE aHTUMUKPOOHYIO aKTUBHOCTb 06nenmnxu
B OTHOLUEHWUWN MaTOreHOB MOJSIOCTU PTa U CBA3AHHBLIX C HAMU MUKPOOPraHU3MOB

Sea buckthorn preparation Microbial target

Comparator

Reported outcome

Aqgueous and hydroalcoholic
leaf extracts

.faecalis, S. aureus,
. cereus, P. aeruginosa

Standard antibiotic | Significant growth inhibition; potent antioxidant
discs

activity

Pulp oil-based mouthwash . gordonii, P. gingivalis,

Chlorhexidine,
herbal mouthwash

Bactericidal effect; complete inhibition of biofilm
formation

Berry juice (20%) . mutans, S. mitis,

. sanguinis, S. gordonii

Saline control

Total bacterial inhibition at low pH (4.1-5.4)

E
B
S
A.viscosus, C. albicans
S
S
A

Thixotropic gel (subgingival
delivery)

. actinomycetemcomitans

Scaling and root
planing alone

Adjunctive use improved clinical and microbiological
outcomes in chronic periodontitis

Berry, seed, root, and stem
extracts

Gram-positive and
gram-negative organisms

Synthetic
antimicrobials

Broad-spectrum antibacterial activity; strongest
in seed and root water fractions
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Stability of bioactive compounds of sea buckthorn
during storage and in the oral environment also should
be further investigated as polyphenols are prone to
oxidation and degradation. Moreover, the possible in-
teraction between sea buckthorn extracts and dentin
substrates, restorative materials, and bonding systems
have not been properly characterized. And lastly, al-
though initial cytotoxicity studies are positive, extensive
biocompatibility analyses with human periapical and
pulpal cell lines are required preceding clinical transla-
tion [12; 31-33].

Future Directions and Research Recommendations

The translational potential of sea buckthorn in endo-
dontics requires coordinated research efforts in several
priority areas.

Standardized In Vitro Evaluation Against E. faecalis

The standardized E. faecalis biofilm models in ex-
tracted human teeth should be used in future studies to
enable a direct comparison of the three herbal agents
of NaOCI, CHX, and others. Preparation, concentration,
contact time and outcome measures (reduction of col-
ony-forming units, biofilm biomass and dentinal tubule
penetration) that must be standardized in order to gen-
erate clinically meaningful information.

Identification of Active Fractions and Synergistic Combinations

Bioassay-guided fractionation can identify the spe-
cific compounds responsible for the antimicrobial activ-
ity of sea buckthorn against E. faecalis. Once identified,
these compounds could be formulated into purified or
semi-purified preparations to ensure consistent po-
tency. Synergistic studies combining sea buckthorn ex-
tracts with low-dose NaOCI, EDTA, or chitosan-based
delivery systems should also be pursued.

Advanced Delivery Systems

Nanotechnology-based delivery platforms, such
as nanoemulsions, liposomes, and polymeric nano-
particles, could be used to increase the penetration
of sea buckthorn bioactives into dentinal tubules and
enhance their stability. Those systems would be capa-
ble of overcoming the existing constraints related to
the hydrophobic nature of some of the sea buckthorn
constituents and permit controlled, sustained release
in the root canal.

Clinical Safety and Biocompatibility Studies

Extensive in vitro cytotoxicity experiments on human
periodontal ligament fibroblasts, dental pulp stem cells
and osteoblasts are required in order to establish safety
thresholds. These researches must be succeeded by
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